Abstract. To date, existing studies focus largely on the economic detriments of malaria. However, if we are to create suitable incentives for larger-scale, more sustained anti-malaria efforts from a wider group of stakeholders, we need a much better understanding of the economic benefits of malaria reduction and elimination. Our report seeks to rectify this disjuncture by showing how attaining the funding needed to meet internationally agreed targets for malaria elimination would, on conservative assumptions, generate enormous economic improvements. We use a cost-benefit analysis anchored in Global Malaria Action Plan projections of malaria eradication based on fully met funding goals. By calculating the value of economic output accrued caused by work years saved and subtracting the costs of intervention, we find that malaria reduction and elimination during 2013-2035 has a 2013 net present value of US $208.6 billion.
INTRODUCTION
There is a long way to go in the fight against malaria. This disease is a leading cause of death and ill-health in the developing world. 1 According to the World Health Organization (WHO), there were more than 219 million cases of malaria in 2010, claiming 660,000 lives. 1 Research by the Institute for Health Metrics and Evaluation suggests that the death toll could be much higher, at 1.2 million annually. 2 Concentrated in the poorest regions of the world, notably sub-Saharan Africa, malaria not only exacts a heavy human toll in the areas where it is most prevalent but is also highly corrosive of the broader economic fabric of these regions. In the most heavily affected regions, malaria accounts for 40% of public health spending, 3 sapping already-scarce resources and impeding long-term human capital formation.
Our study differs from previous investigations by seeking to measure the tangible economic gains that reducing the incidence of malaria would bring about, rather than focusing on economic detriments of malaria. Using the techniques of costbenefit analysis, we covered all WHO regions to project the global economic benefits of combating malaria through to 2035. Findings from this study should help to clarify incentives for investment in malaria control and elimination based on business and public finance considerations.
MATERIALS
A number of studies have sought to quantify the economic impact of malaria. Roughly speaking, they can be divided into four research strands.
The first strand uses statistics and econometrics to identify the impact of malaria on economic growth. McCarthy and others found that the negative growth impact of malaria exceeded 0.25% per annum for 25% of countries they studied, mainly those in sub-Saharan Africa, although the impact was significantly higher in the worst affected regions. 4 Malaria reduces growth directly by incapacitating the workforce and indirectly through effects such as reduced labor mobility, less scope for specialization, and poorer skills matching. 5 Gallup and Sachs found that malaria-intensive countries grew by 1.3% less per person per year during , in comparison with malaria-free countries with similar socioeconomic characteristics. 6 Reductions in malaria were associated with higher economic growth in both studies.
The second strand analyzes the effects of malaria on human capital development, particularly educational outcomes. Malaria contracted during pregnancy can result in anemia, premature birth, and low birth weight, leading to reduced cognitive ability and physical development in children, which affect educational attainment in later life. 6 An examination of the effects of malaria on female educational attainment in Paraguay and Sri Lanka found that every 10% decrease in malaria incidence leads to 0.1 years of additional schooling, and an increase in the chance of being literate of 1-2% points. 7 The third strand of research uses surveys and site studies to assess the costs of preventing and treating malaria in particular locations. For example, site studies in Rwanda, Burkina Faso, Chad, and the Republic of the Congo found that a case of malaria in 1987 cost $1.83 in disease control and treatment and $8.01 in lost working time in 1987 US dollars. 8 The fourth research strand evaluates the cost-effectiveness of various tools in the fight against malaria. Prevention programs such as insecticide-treated nets and indoor residual spraying cost between $11 and $34 per disability adjusted life year (DALY) saved in 2006 dollars, 9 while treating an incidence of malaria costs between $5.84 and $30.26 (in 2009 dollars) depending on the complexity of the case. 10 Although the existing literature illuminates the economic impact of malaria, it does not bring together the evidence around costs and benefits in a comprehensive way. To create incentives for greater anti-malaria efforts from a wider group of stakeholders at the national and international levels, we need a better understanding of the tangible economic benefits of investing in malaria control and elimination. This is the aim of our report. More specifically, if the funding needed to meet internationally agreed targets for malaria elimination were sustained, what would be the economic benefit of this investment?
METHODS
The basic economic case for malaria eradication rests on the economic output that would be generated if individuals were not killed or incapacitated by malaria and they were therefore able to enter or remain in the productive workforce. Our approach is as follows. First, we estimate the numbers of work years saved as a result of interventions to eradicate malaria. We base our estimates on the difference between a business as usual (counterfactual) scenario of malaria incidences and an intervention scenario of decreasing malaria incidences anchored in a long-term blueprint for eradication set out in the Roll Back Malaria (RBM) Global Malaria Action Plan (GMAP), first published in 2008. Historical experience of the impact of malaria guides our conversion from incidences into years that would otherwise be lost because of death or disability. We take account of factors such as limitations of anti-malaria coverage, treatment success rates, and the recurrence of the disease. Second, we attach an economic value to these saved years using the output per person of working age in the different regions, incorporating forecasts of future productivity growth. Third, we subtract the costs of anti-malaria interventions to derive a net benefit figure for each year. Finally, we sum all of the net benefits over a 22-year period and discount this figure to express the result in present-value terms.
Outlining the trajectory of malaria incidences in response to intervention. Potential time paths of malaria reduction in response to intervention are identified in the GMAP. Aspiring to eliminate malaria globally by approximately 2030, the plan outlines three stages of malaria elimination: scale-up, control, and elimination.
The GMAP (2008) assumed that the scale-up stage would last for two years during 2008-2010. By the end of the scaleup stage, a utilization rate of 80% is reached, meaning that 80% of the population at risk uses locally appropriate malaria prevention methods. In reality, longstanding logistical problems in the countries most affected by malaria will mean that the scale-up lasts longer than expected. The worst-affected countries have struggled to make progress in scaling up health interventions, with ownership rates of insecticide-treated nets falling below 50% in countries such as Chad and the Democratic Republic of the Congo despite 10 years of concerted international efforts. 11 The high risk of reversals in coverage can also slow progress. For example, previous assumptions about distributing one net for every two persons have left odd-numbered households short of nets, 12 and procurement problems have reversed use rates even in fast-improving countries such as Rwanda. 13 In our analysis, we assume that the scale-up stage will reach the 80% utilization threshold in 2015 instead of 2010 to reflect slower-than-expected progress. In the years preceding 2015, we assume a utilization rate of 60%, which is a level consistent with penetration of home management of malaria across heavily affected countries. 14 Regions where malaria prevalence is less than 5 cases/ 1,000 persons (including the Americas, Europe, and Western Pacific throughout the period of our analysis) are considered to be in the elimination stage and are expected to see small annual reductions in malaria incidences of 0-0.5%. We assume an average annual reduction of 0.25%.
Regions more heavily affected by malaria, namely Africa, Southeast Asia, and the Eastern Mediterranean, enter the control stage after the scale-up stage. According to modeling by Cibulskis and recent country experiences, an 80% utilization rate can reduce malaria incidences by 75% over a five-year period. 15 We therefore assume that Africa, Southeast Asia, and the Eastern Mediterranean will experience a 75% linear reduction in incidences during 2015-2020.
The rapid reduction of malaria incidences during the control stage places Southeast Asia and the Eastern Mediterranean in the elimination stage by 2020. Africa, however, will remain heavily affected by malaria, and remains in the control phase throughout our analysis period. Only in 2035 will Africa reach the 5/1,000 benchmark necessary for transition into the elimination stage.
Outlining the counterfactual scenarios. We also construct counterfactual regional trajectories to estimate future malaria incidences in the absence of intervention programs such as those envisaged in the GMAP. We assume
In regions in which malaria is not a significant concern, we assume an annual reduction of 0.25% for the counterfactual scenario, which is consistent with the assumption behind the intervention scenario.
Next, we derive from these assumed future incidences the number of work years saved from malaria.
Deriving work years saved. The WHO uses the DALY, a standard measure combining the number of years of life lost because of disease-related mortality and healthy years lost because of disability in the case of survival, to measure the historic burden of malaria. We convert our assumed future incidences (in the intervention and counterfactual scenarios) into DALYs by using the ratio between incidences in 2004 (GMAP) and DALYs in 2004 (WHO, the most recent data available). (Over the period of our analysis, we therefore assume that this ratio remains constant, as does the constituent balance between years lost because of mortality and years lost because of disability.) Subtracting the DALYs in the intervention scenario from the DALYs in the counterfactual scenario gives the total number of DALYs averted in each year through intervention. We then make three adjustments to convert them from DALYs to work years saved from malaria.
First, we apply an intervention coverage rate of 60% in the scale-up stage and 80% thereafter. This adjustment, which adds considerable conservatism to assumptions of the GMAP, reflects the fact that not all malaria cases can be reached. Under the counterfactual, we assume that, without more active intervention, the coverage rate remains 60% throughout the period.
Second, we apply an intervention success rate of 50% which reflects that mosquitoes can develop resistance to insecticides and that drugs may be ineffective counterfeits or otherwise substandard. 16 This rate again embodies a more conservative stance than that of the GMAP (Table 1) . Third, we apply an individual recurrence rate of 40%. This rate reflects that the same person may contract malaria more than once in the same year, leading to a number of malaria incidences significantly higher than the number of persons affected. To prevent an overestimation of the benefits of malaria intervention, we assume 2.5 cases of malaria/person/ year. According to WHO, a person with malaria can have 5 cases in a year. Thus, we average the minimum number of annual malaria cases (0) with the maximum of 5 cases to get an average of 2.5 cases/person/year. The individual recurrence rate of 40% is derived by dividing 1 person by 2.5 average annual cases.
Identifying economic benefits. Next, we identify the appropriate economic value of the individual work years saved. At the simplest level, this value can be measured in terms of the economic output of each person of working age: real gross domestic product (GDP) divided by the working-age population of a region. Productivity will grow over time as populations get healthier, especially in developing economies where there is also significant potential for economic catch-up. To reflect this finding, we expand GDP per person of working age by the average productivity growth forecast over the period up to 2035 at five-year intervals (Table 2) .
We calculate productivity growth using the formula Productivity growth ð%Þ %Δ Real GDP 15À64 yrs population = %Δ real GDP − %Δ 15 − 64 yrs population To arrive at the net benefits of combating malaria, we must also allow for costs of malaria intervention. According to the profile of intervention costs set out by GMAP, there are four components to anti-malaria expenditure: prevention, case management (diagnosis and treatment), program costs (such as monitoring and evaluation, training, and infrastructure), and research and development expenses. In our model, the net benefits are calculated by deducting the GMAP costs (updated by RBM in May 2012) from the gross benefits (increased economic output).
The net economic benefits of combating malaria occur over a 22-year period (during 2013-2035) into the future. Because far-off benefits are usually perceived as less valuable than those occurring today or in the near future, we discount the future net benefits of malaria intervention to their value today. By discounting and accumulating the future benefits in each year, we obtain the net present value (NPV) of malaria interventions
Here, t represents time and n = 21, reflecting the fact that the benefits are spread over 22 years (with 2013 representing year 0) in our analysis. The term r represents the annual discount rate: the degree to which society values current benefits over benefits received one year later. A high discount rate indicates that a society has strong preferences for benefits now, with the perception of future benefits decaying rapidly with time. For public investment projects, it is standard to adopt a lower discount rate, reflecting the societal nature of the benefits, the wider spillover effects, and the long-term nature of the investment. We adopt a 3% discount rate, consistent with that of similar studies, such as those by Hanson K and others, 2004; Laxminarayan 2004 ; and Goodman C and others, 2000. [17] [18] [19] 
RESULTS
Using the methods above, our study estimates the economic output gains from tackling malaria to be US $208.6 billion in net present value terms. The profile of net benefits is heavily front-loaded: although the cost of intervention is broadly flat, the annual gross and net benefits increase rapidly in the near term (Table 3) because of greater incidence reduction (Figure 1 ).
DISCUSSION
The compelling economic case for fighting malaria underscores the social and ethical merits of eradicating this disease. Malaria eradication would confer much wider development benefits than the economic output quantified in our analysis and do much to alleviate poverty in the developing world. At the household level, families in developing regions often need to divert spending towards medicine at the expense of other basic needs. Reducing the disease incidence can therefore increase disposable income and consumption. At the national level, lightening the load of malaria would mitigate the strains on public health systems and free up resources for social improvements. In Rwanda, 19% of the recurrent budget was directed to malaria in recent years. 20 Public healthcare spending in Tanzania on malaria equated to 3.4% of the GDP in 2010. 21 If this expenditure could have been directed to education, the total education budget of this country would have increased by 65%. 21 Businesses also stand to benefit from a malaria-free world. The most straightforward benefits arise from lower costs of hiring, reductions in absenteeism, and increases in employee productivity. In a global survey of 8,000 business leaders from more than 100 countries, more than 20% reported that malaria harms their business. Among respondents from sub-Saharan Africa, this share was 72%, and approximately 40% reported serious detriments. 22 Malaria eradication can foster the market development, entrepreneurship, and investment needed to accelerate economic growth in some of the poorest regions of the world.
Collaboration between international agencies, businesses, and governments will be crucial in overcoming infrastructural and institutional constraints in many of the malaria-burdened regions. Cross-sector collaboration is also needed for development of innovative financing models that will be required to increase malaria expenditure in the face of constrained government spending. Malaria bonds provide one example. An innovative financing mechanism still on the drawing board, the objective of malaria bonds is to raise funds for disease control from private investors, particularly the up-front investment needed to kick-start malaria control schemes. Issued and repaid by governments (and international donors), funds raised from such schemes would be allocated to organizations implementing malaria interventions on a pay-for-performance basis, with the aim that improved efficiencies in program delivery would deliver a premium to investors. 23 Establishing the economic case for malaria elimination offers a practical first step to unlocking investment opportunities. The use of economic arguments also extends well beyond the realm of economists. Epidemiologists, ethnographers, and many others could deploy economic arguments to galvanize greater anti-malaria efforts. We hope that greater awareness of the economic case for eradication will better serve the humanitarian imperative of ridding the world of malaria.
